INTRODUCTION
Caves represent an interesting environment with unique underground communities of organisms. Due to the varied types of speleothems, underground streams and lakes, fossils, paintings and other archaeological elements, caves are very attractive from the perspective of a tourist. Many caves are open to tourists and bring benefits to the local economy, but such commercialization causes dramatic changes in cave ecosystems, climatic conditions (air temperature and humidity) and cave communities (Pulido-Bosch et al., 1997) . The composition of microbial communities can be significantly affected by tourist visits. Tourism can result in the enrichment of specific cave biota by species from the outside environment and true cave organisms can be reduced due to microclimate changes, together with the contamination of the oligotrophic environment by organic materials such as human hairs and textile fibres, which micro-organisms can utilize as suitable nutrient sources for their growth. In some cases, microfungal outbreaks have been found in caves visited by tourists (Bastian et al., 2009; Jurado et al., 2010) .
A study of microfungal communities in selected Andalusian caves focused on microfungal diversity and possible changes of microfungal communities related to tourist visits. Heterogeneous organic material and air in localities affected by human activities (speleologists, tourists) were found to be rich sources of Aspergillus isolates which could be classified in Aspergillus section Usti based on their morphology. Numerous isolates did not fit the description of any known species, suggesting that they have not been previously described in the literature. Other methods used for verifying the status of isolates included PCR-fingerprinting, sequence analysis of the rDNA ITS region, calmodulin (caM), btubulin (benA) and the second largest subunit of RNA polymerase II (rpb2), and basic physiological and chemical analyses. All the isolates that could not be identified represented two novel species, which are described here.
METHODS
Description of studied caves. Microscopic fungi were isolated from two Andalusian caves: the Cueva del Tesoro Cave (the Treasure Cave, CT) near Malaga and the Gruta de las Maravillas Cave (the Grotto of the Marvels, GM) in Aracena, Huelva.
The CT cave, which is a marine cave, has a main gallery of 500 m and is located 13 km east of Malaga in the hills of El Cantal in El Rincon de la Victoria. The sea formed the caves during the Jurassic Age and drawings of animals from the Palaeolithic Age and ceramics from the Neolithic Age have been discovered inside the cave (Berrocal Pérez & Wallace Moreno, 1988; Giménez Reyna & Laza Palacios, 1964) .
The GM cave is located in Aracena. This predominantly horizontal cave with three known levels was developed as a small outcropping of marble from the Lower Cambrian. It was discovered by a shepherd in 1886 and opened to the public in the same year. The total length of the GM is over 2 km, 1200 m of which is open to the public. The cave is particularly well known due to the extraordinary abundance and variety of speleothems, vadose and subaqueous deposits, acicular aragonite and calcite excentrics and underground lakes (Martín-Rosales et al., 1995; Pulido-Bosch et al., 1997) .
Isolation techniques. The gravity settling method (GSM; Buttner & Stetzenbach, 1991) and Dichloran rose bengal chloramphenicol (DRBC) agar (Atlas, 2010) were used for the isolation of airborne microscopic fungi. The dilution plate method (DPM; Garrett, 1981) and in situ isolation (ISI) on DRBC were used for the isolation of microscopic fungi from cave sediments, various organic materials and from visible microfungal colonies.
Morphology. The strains were grown on Czapek-Dox agar (CZA), Czapek yeast autolysate agar (CYA), malt extract agar (MEA) and yeast extract-sucrose agar (YES) and were plated at 25 uC. Agar media formulation was performed according to Frisvad & Samson (2004) and Atlas (2010) . Micromorphology was observed and documented on MEA. Colour determination was performed according to the ISCC-NBS Centroid Colour Charts (Kelly, 1964) .
Physiology and chemical studies. Growth at 37 uC was tested on CYA. The production of cyclopiazonic acid or related alkaloids was tested using the Ehrlich test. The production of acid compounds in the agar medium was tested on creatine-sucrose agar (CREA) following the methods of Samson et al. (2007) . Molecular studies. DNA was extracted from 7-day-old colonies using the Microbial DNA Isolation kit (Mo-Bio Laboratories). PCR fingerprinting was performed using the phage M-13 core sequence as an oligonucleotide primer (59-GAGGGTGGCGGTTCT). Amplifications were performed in 18.5 ml volumes, each containing 100 ng DNA, 25 mM MgCl 2 (Promega), 0.2 mM dNTPs and 1 U DyNAzyme polymerase (Finnzymes), with the respective buffer. The reaction mixtures were subjected to 32 cycles under the following temperature regime: 94 uC/3 min, 52 uC/1 min and 65 uC/3 min (16); 45 uC/40 s, 52 uC/1 min and 65 uC/3 min (356); and 94 uC/ 40 s, 52 uC/1 min, and 65 uC/10 min (16). The amplified products were subjected to electrophoresis on 1.8 % agarose gels stained with ethidium bromide and the banding patterns were visualized under UV light.
The ITS region, partial sequences of benA and caM were chosen for phylogenetic analysis as they have been used in recent taxonomic monographs (Houbraken et al., 2007; Samson et al., 2011) . A partial region of the rpb2 gene was also amplified, although this fragment was previously amplified only by Peterson (2008) and is not available for some recently described taxa. The Mastercycler Gradient (Eppendorf) was used to amplify the desired regions with the following primer combination: the ITS1-5.8S-ITS2 region of the rDNA using the primers ITS1F (59-CTTGGTCATTTAGAGGAAGTAA) and NL4 (59-GGTCCGTGTTTCAAGACGG), the partial benA gene using the primers Bt2a (59-GGTAACCAAATCGGTGCTGCTTTC) and Bt2b (59-ACCCTCAGTGTAGTGACCCTTGGC), the partial caM gene using the primers CMfU (59-GTYTCYGAGTAYAARGARGCCTT) or CF1L (59-GCCGACTCTTTGACYGARGAR) and CF4 (59-TTTYTGCATCATRAGYTGGAC) or CMrU (59-CGGCCRTCRCC-ATCYTGATC) and the partial rpb2 gene using the primers fRPB2-5F (59-GAYGAYMGWGATCAYTTYGG) and fRPB2-7cR (59-CCCAT-RGCTTGYTTRCCCAT). The mixture (25 ml) contained 50 ng genomic DNA, 20 pmol of each primer, 0.2 mM dNTPs (dNTP master mix; Invitek) and 1 U DyNAzyme polymerase (Finnzymes) with the respective buffer (Finnzymes). The reaction mixtures were subjected to 32 cycles under the following temperature regime: 95 uC/3 min, 55 uC/30 s and 72 uC/1 min (16); 95 uC/30 s, 55 uC/30 s and 72 uC/ 1 min (306); and 95 uC/30 s, 55 uC/30 s and 72 uC/10 min (16). Sequencing of the purified PCR products was provided by Macrogen Europe, The Netherlands. Accession numbers for the DNA sequences obtained in this study are listed in Table 1 . The caM and ITS sequences of Aspergillus calidoustus CBS 121601 T , which were previously amplified by Varga et al. (2008) , were deposited with the permission of authors as HE616559 and HE616558, respectively.
Primer design. The following primers were designed previously for the amplification of the partial caM gene in Aspergillus: cmd5, cmd6, CF1L, CF1M and CF4 (Hong et al., 2006; Peterson, 2008) . The combination of these primers did not amplify the caM gene in isolates assigned to the novel species Aspergillus baeticus. The CMfU (forward) and CMrU (reverse) primers (for the sequences, see the molecular studies section) were designed in this study based on the sequences of members of section Usti deposited by Peterson (2008) . This primer pair successfully amplified a caM fragment in the A. baeticus isolates. The primers were also functional in combination with the previously used primers (see above) and are useful as alternative primers for the amplification of the partial caM gene in the Aspergillus section Usti.
Phylogenetic analysis. The sequences were inspected and assembled using the BioEdit sequence alignment editor v7.0.0 (Hall, 2004) . Alignments of the regions were performed using the FFT-NSi strategy, as implemented in MAFFT v6.861b (Katoh et al., 2005 
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International Journal of Systematic and Evolutionary Microbiology 62 evolutionary history was inferred with the maximum-likelihood method (ML) implemented in MEGA5 (Tamura et al., 2011) . A discrete gamma distribution was used to model the evolutionary rate differences among the sites. The number of bootstrap replicates was set to 500. Aspergillus ochraceoroseus NRRL 28622 was used as an outgroup. The tree with the highest log-likelihood (210158.1031) is shown (Fig. 1) . Single locus trees were also constructed and are shown in Figs S1 to S3 (available in IJSEM Online).
The ML tree based on the rpb2 data with the highest log-likelihood (24894.1928) is shown in Fig. S4 . A discrete gamma distribution was used to model the evolutionary rate differences among the sites. The rate variation model that allowed for some sites to be evolutionarily invariable was used. There were a total of 902 positions (308 were variable) in the final alignment. 
Two novel Aspergillus species in section Usti
The single locus trees of each examined locus were congruent and are shown in Figs S1-S4. The ITS region was uninformative for many of the species, as previously commonly observed across Aspergillus species (Peterson, 2008) , and this region is only recommended for distinguishing the species on the level of section and species complexes.
For all three loci, A. baeticus is placed on a branch with Aspergillus ustus and Aspergillus pseudoustus as the closest relatives. The creation of the novel species Aspergillus thesauricus is strongly supported by sequence data from the benA and caM genes. The ITS sequence of A. thesauricus is identical to the ITS sequences of A. insuetus and A. germanicus.
The genetic differences from the most closely related species for both A. baeticus and A. thesauricus in the benA and caM genes ranged from 2 to 3 %. This value falls within the range of genetic variation between other closely related Aspergillus species in section Usti. The data for the rpb2 gene are incomplete for section Usti. The rpb2 sequence of A. baeticus shows 2 % dissimilarity from the most closely related species, A. ustus. The rpb2 sequence difference of A. thesauricus is only slightly more than 1 % dissimilar from Aspergillus keveii NRRL 1974.
The ITS, benA and caM sequences of A. insuetus CCF 4186 were different from those of the type strain NRRL 279 T (unknown substrate, South Africa), and strains CCF 48 (industrial material, China, 1955) and CCF 3995 (bronchoalveolar lavage, Czech Republic, 2010) of A. insuetus at a number of sites. Also, the M-13 fingerprint patterns of the isolates from the caves (CCF 4186, CCF 4224 -type IV; see Table 1 ) and those of CCF 48 and CCF 3995 (different from type IV) suggest that their genetic lineage could be different from the type strain. Additionally, the morphology of the colonies of both isolates from the caves shows a conspicuous violet-grey colour that has not yet been described for A. insuetus. The phylogenetic analysis of a combined gene dataset did not show a significantly supported lineage for CCF 4186, suggesting that the isolates from caves probably belong to the morphologically variable species A. insuetus.
Section Usti underwent numerous rearrangements and important taxonomic changes after its establishment (Houbraken et al., 2007; Klich, 1993; Kozakiewicz, 1989; Peterson, 2000 Peterson, , 2008 Peterson et al., 2008; Raper & Fennell, 1965; Samson et al., 2011; Varga et al., 2008) . Including the two novel species described here, section Usti encompasses 23 species supported by a polyphasic approach of species delineation. The teleomorphic state, a member of the genus Emericella, is observed in only two taxa (Samson et al., 2011) .
Ecology
As mentioned above, the isolates collected from various substrates in the two studied Andalusian caves comprised four species: A. insuetus, A. cavernicola and two distinct taxa proposed as new species. A. thesauricus was only found in the CT and was isolated from cave sediment and air and was associated with various organic substrates connected to human activities. A. baeticus was cultivated from the cave sediment of the GM cave. A morphologically similar isolate was also found in the CT, although, subsequently, it was not possible to revive it for molecular analysis. An isolate of A. baeticus was also revealed among the isolates from the Demänovská Peace Cave (Slovakia), suggesting a wide distribution of this species. This isolate grew on a bat cadaver and is deposited as CCF 4231. The ITS, benA and caM sequences of this strain showed several differences compared with the Spanish isolates.
Aspergillus section Usti includes widely distributed species commonly isolated from soil, dust, decaying vegetation, food and indoor air (Houbraken et al., 2007; Raper & Fennell, 1965; Samson et al., 2011) . Human pathogenicity has been reported for A. calidoustus, Aspergillus granulosus and Aspergillus deflectus (Fakih et al., 1995; Robinson et al., 2000; Varga et al., 2008) . Members of section Usti were also repeatedly reported from cave environments (Hermosín et al., 2010; Jurado et al., 2010; Nováková, 2009 ). Among these species, A. cavernicola, A. ustus, Aspergillus carlsbadensis and probably also A. pseudoustus (based only on ITS sequence) were identified using sequence data (Samson et al., 2011; Vaughan et al., 2011) . Studies related to cave microbiota (Adetutu et al., 2011; Northup & Lavoie, 2001; Nováková, 2009; Rutherford & Huang, 1994; Vaughan et al., 2011) have shown that each cave has a specific microbial community, including microscopic fungi.
Morphology and other characteristics
The micro-morphological features of A. baeticus are similar to those of A. ustus. Differences can be found in the morphology of the conidiophores. The vesicles of A. baeticus are typically elongated, whereas those of A. ustus are hemispherical to subglobose. Additionally, the width of the stipes are larger in A. baeticus than in A. ustus. Examination of the macro-morphology of the colonies revealed further significant differences. The hairy brown or olive-grey colony colour of A. ustus on MEA is in contrast with the pale yellow colonies of A. baeticus. Moreover, the growth of A. ustus on MEA and YES medium is faster than that of A. baeticus (Samson et al., 2011) . The conidia of another two related species, A. pseudoustus and Aspergillus puniceus, are considerably smaller than those of A. baeticus. Their sizes do not coincide with A. baeticus and can be used as a reliable feature for distinguishing these species. The vesicle shapes, growth rates and colony colours on MEA, CYA and YES show further important differences. Hülle cells were not observed in A. pseudoustus in contrast with A. baeticus, which constantly creates yellow masses of Hülle cells.
The proposed species, A. thesauricus, shows a number of unique features compared to related taxa. A. germanicus, a A. Nová ková and others sibling species, is able to grow at 37 u C (Samson et al., 2011) , which is in contrast to A. thesauricus. The conidiophores of A. thesauricus have narrower stipes and their vesicle diameter is larger. In addition, A. thesauricus shows faster growth on all the tested media. A. keveii has much smaller conidia and grows faster on all media, including CREA. The violet Ehrlich reaction in A. keveii and A. insuetus differs from the weakly positive yellowish reaction in A. thesauricus. Further, A. insuetus differs from A. thesauricus by greater vesicles diameters, faster growth on MEA and slower growth on YES. Coloniae flavoviridae usque griseo flavoviridae, floccosae. Cellulae obtegentibae ('Hülle'), hyalinae, globosae (14.0-18.2 mm), (Fig. 3) Aspergillus thesauricus (the.sau9ri.cus. L. n. thesaurus a treasure; L. masc. suff. -icus suffix used with the sense of pertaining to; N.L. masc. adj. thesauricus pertaining to a treasure, referring to the origin of the strains, which were isolated in the 'Treasure cave', Cueva del Tesoro in Spain).
CYA, 1 week, 25 u C: 27-30 mm, floccose, good sporulation, medium grey with 2 mm white margin, no exudate, no pigmentation, reverse pale greenish yellow (no. 104) with light greenish yellow (no. 101) in centre, dark greenish yellow (no. 103) after 10 days. CYA, 1 week, 37 u C: no growth. MEA, 1 week, 25 u C: 20225 mm, floccose, good sporulation, light olive grey (no. 112) to olive grey (no. 113) in central part, with 2 mm white margin, no exudate and pigmentation, reverse moderate yellow (no. 87) with vivid greenish yellow (no. 90) in centre light olive brown (no. 94).
YES, 1 week, 25 u C: 30-35 mm, floccose in centre, with wrinkled 4 mm white margin, greyish yellowish brown (no. 80) to light greyish brown (no. 79), no exudate and pigmentation, reverse dark yellow (no. 88), dark greyish yellow (no. 91) in centre. CZA, 1 week, 25 u C: 25-30 mm, no sporulation and pigmentation. CREA, 1 week, 25 u C: 18 mm, weak growth and no acid production. Ehrlich reaction: weakly positive, light greenish yellow (some pinkish tint in strain CCF 4154).
Colonies grey to greyish green, floccose. Hülle cells rarely observed in some isolates, in others they are abundant, hyaline, thick-walled, globose (14.0-18.2 mm) to predominantly elongate, straight to twisted, (18.2-21.0-) 42.0-57.6 (-92.4) mm. Conidiophore stipes smooth-walled, brown, 135-180 (-220) mm long, 5.6-7.0 (-8.4) mm wide, vesicle subglobose to globose, (9.8-) 11.2-16.8 mm in diameter, metulae 4.2-5.6 (-7.0) mm, phialides 4.2-5.6 mm. Conidia verrucose to spinulose, subglobose, 4.2-5.6 (-6.3) mm. A. Nová ková and others
